Viruses vastly outnumber their host cells and must present a huge selective pressure. It is also becoming evident that only a small percent of the eukaryotic genome codes for molecules involved in cellular structures and functions, and that much of the remainder may have a viral origin. Viruses clearly play a central role in the biosphere, but how is this viral world organized? Classification was originally based on virus morphology and the particular host infected, but now there is an increasing trend to rely on sequence information. The type of genome (e.g., RNA or DNA, single-or double-stranded) provides fundamental classification criteria, while sequence comparisons can provide fine mapping for closely related viruses. However, it is currently very difficult to identify long-range evolutionary relationships. We present here a different approach, based on the idea that each virus has an innate ''self.'' When the structures and functions characteristic of this ''self'' are identified, then they uncover relationships beyond those accessible from sequence information alone. The new approach is illustrated by sketching some possible viral lineages. We propose that urviruses were present before the division of cellular life into its current domains, and that the viral world has lineages that can be traced back to the root of the universal tree of life. 
INTRODUCTION
The increasing number of viral (and cellular) genomes sequenced has focused attention on utilizing this information to reveal the underlying organization of viral life forms. Genome and gene comparisons have created a wealth of information that has made it possible to construct gene and genome phylogenies as well as to observe complex relationships among virus genomes. Such studies are exemplified by those on the tailed bacteriophages (Hendrix et al., 1999 .
However, it is also apparent that this approach is feasible only for systems that are reasonably close in evolutionary time, or are exchanging genetic material, so that sequence similarities can be detected and followed. Although other views have been presented, we consider viruses to be old, possibly preceding cellular life. Problems arise when considering such long evolutionary time spans since, although structures and functions may be conserved, sequences will have changed to the point where no recognizable similarity can be detected. This limitation reflects our inability to comprehend the second stage in the expression of the genetic code, namely how the linear amino acid sequence dictates three-dimensional protein structure. Thus, we are unable to identify the family of sequences coding for similar protein structures. In addition, the increasing host-specific diversity of viruses obscures their ancestry. This has made it impossible to deduce long-range relationships using phylogeny (see the Seventh Report of the International Committee on Taxonomy of Viruses, Van Regenmortel et al., 1999 ; also the Universal Virus Database Web Site http:// www.ncbi.nlm.nih.gov/ICTVdb/index.htm).
As viruses are relatively simple living entities, which can often be produced rather easily and frequently possess a regular structure, they have been widely used as model systems for structure-function studies. Recently, dramatic strides have been made in determining the crystallographic structures of quite complex viruses (for instance, see Grimes et al., 1998; Wikoff et al., 2000) that infect host organisms belonging to different domains of life. Some surprising results are emerging as structural information is being extended from the overall architecture of the virion, often known from electron microscopy (EM), to atomic detail. In a few cases, it is now evident that there is structural and functional (but not sequence) conservation between pairs of viruses (see below) that points strongly at their common ancestry (Benson et al., 1999; Bamford, 2002) .
Conservation is expressed in association with structures essential for carrying out core viral functions, such as particle assembly and genome packaging, whereas functions linked to specific interactions with the evolving host cell are much less conserved. This observation leads to the idea that there are distinct innate viral ''self'' functions and structures that can be used to trace viral lineages in spite of the ''noise'' caused by the more rapidly evolving host-related phenomena (Bamford, 2002) . Instead of relying on sequence information, we will show how structural information can be used to explore the relatedness of a number of viral systems. We will discuss the consequences the results may have for our understanding of virus evolution and even their origins. An overview of our tentative proposals is pre-sented in Fig. 1 . The proposals come from a fresh look at the problem of detecting homology and, if validated, will provide the basis for the development of a more extended virus phylogeny than has been possible until now.
Viruses Are Everywhere
The number of viruses infecting prokaryotic hosts in aquatic environments (Bergh et al., 1989; Wommack and Colwell, 2000) is commonly some 10 million viruses/ ml, an astronomical number when integrated over the entire biosphere. It is conceivable that there is a similar excess for viruses infecting multicellular organisms. As viruses exceed their hosts in number easily by an order of magnitude, they must be very important in modulating their host populations. In addition, the sequencing of entire genomes has revealed that temperate and cryptic viruses are commonly integrated into prokaryotic genomes, as classically demonstrated for bacteriophage lambda and its relatives. However, more surprising results are emerging from sequences of genomes of higher eukaryotes. Only a few percent of the DNA is utilized in coding for cellular structures and functions. The nature of the rest is still somewhat obscure, but virus-like elements and their remnants appear to dominate. It seems that this accumulation of additional genetic material is predominantly associated with multicellular organisms. It remains an open question whether this accumulation of viral DNA is causally linked with the capacity to increase organizational complexity, or if it is a consequence of a still obscure event. Either way, the multicellular giants appeared reasonably late, less than a billion years ago, long after the first recorded appearance (almost 2 billion years ago) of the first simple eukaryotic life forms (Carroll, 2001 ).
ARE VIRUSES ORGANIZED IN LINEAGES?

The Surprising Case of PRD1 and Adenovirus
We have been involved in long-term studies on adenovirus and bacteriophage PRD1, two icosahedral viruses infecting vertebrates and Gram-negative bacteria, respectively. It became clear at an early stage that both viruses have a similar genome organization and replication strategy. Their linear double-stranded DNA (dsDNA) genomes contain inverted terminal repeat sequences of similar length and a covalently attached protein at the 5 0 termini. The replication is protein-primed and proceeds via a sliding back mechanism. As this replication mode has also been found in several other viral and plasmid systems, it cannot by itself be taken as evidence of an evolutionary link between the two viruses. However, when the cryo-EM based three-dimensional structures of the adenovirus and PRD1 virions were compared, the same coat protein FIG. 1. Viral lineages and the tree of life. The upper panel shows the universal phylogenetic tree of cellular organisms constructed using 16S and 18S ribosomal RNA sequences showing the three domains of cellular life. The cellular life is embedded in parasitic viral organisms (blue) outnumbering the hosts by at least one order of magnitude. The majority of DNA in higher eukaryotic organisms may also be of viral origin. Structurally and functionally related viruses are discovered infecting hosts from different domains of life (marked as blue particles at the branches of the tree, see the text). Tree information obtained from the Ribosomal Database Project (Maidak et al., 2001 ; see also the web site http:// rdp.cme.msu.edu/html/). The lower panels show three distinct emerging lineages of viruses for which there are representatives of at least two domains of life (all viruses are coloured according to the domain that they infect: green for prokaryotes; yellow for Archaea; and red for eukarya).
Upper: adeno-PRD1. Note that PBCV-1 (and the iridoviruses) and PRD1 contain lipid bilayers, whereas adenovirus does not. Note also that there are no proteins covalently attached to the PBCV-1 (or iridovirus) genome.
Middle: reo-f6: Both viruses have segmented double-stranded RNA genomes, but again note that the outer layer of f6 is a membrane, whereas BTV has proteins.
Lower: herpes-T4. This includes the tailed bacteriophages, for which representatives have been found in bacteria and Archaea. Herpes virus is the putative member for the eukarya. arrangement (pseudo-T ¼ 25, with 240 major coat protein trimers) was observed (Butcher et al., 1995) . This arrangement has not been seen in any other virus. Most strikingly, when the high-resolution structures of the major coat proteins of the two viruses were compared, it was discovered that the similarity extended to the details of the protein fold, which was again distinct from that of any other protein structure FIG. 2. The X-ray crystal structure of the major coat protein, P3, of the bacteriophage PRD1 shows that it resembles hexon, its counterpart in adenovirus. The first column contains schematics of the jellyrolls, which are the major structural elements in P3 and hexon, showing their similar organization of secondary structure and loop disposition. Arrows designate b-strands and black boxes represent the a-helices. The small numbers show the lengths of the loops between the b-strands. The second column displays ribbon diagrams of the 394-residue P3 (Benson et al., 1999 (Benson et al., , 2002 and the 951-residue hexon from adenovirus type 5 (Rux and Burnett, 2000) to the same relative scale. Both proteins have ''double-jellyroll'' motifs (red and green) with similar orientations, but they are modified for their different host-dependent roles. The hydrophobic loop and a-helix at the base of P3 interact with the inner membrane in the virion, while the elaborate system of upper loops in hexon contains the type-specific epitopes displayed on the virion surface. The final column shows EM reconstructions of bacteriophage PRD1 (San Mart! ı ın et al., 2001) and adenovirus (C. San Mart! ı ın and RMB, unpublished results). Note how the similarity in coat protein structure extends to the organization of the icosahedral capsid. Both have 240 copies of their trimeric major coat protein on a pseudo-T ¼ 25 lattice, and complexes containing their receptor-binding proteins at the vertices. It can be clearly seen how insertions between the jellyrolls in hexon have increased the size of the double-barrel structure to make a wider trimer and create an expanded adenovirus capsid relative to that of PRD1. (Benson et al., 1999) (Fig. 2 ). This accumulation of similar characters led to the radical proposal that these two viruses shared a common ancestor that must have existed before the division of the bacterial and eukaryotic domains of life. This idea was tested by searching for additional similarities. It has now been shown that PRD1, like adenovirus, has minor capsid proteins stabilizing the capsid (Rydman and Bamford, 2001) , and that the receptor-binding proteins in both virions are organized into comparable spikes at the icosahedral vertices Caldentey et al., 2000; Sokolova et al., 2001) .
The newly evident lineage is not only present in Gram-negative bacteria (PRD1) and higher eukaryotes (adenovirus), but also extends to Grampositive bacteria as a PRD1-like virus is known to infect Bacillus thuringiensis (Bam 35; Ackermann et al., 1978) . A more tentative similarity in structure suggests that some much larger eukaryotic viruses (Paramecium bursaria Chlorella virus 1, PBCV-1; and Chilo iridescent virus, CIV) (Yan et al., 2000) may also belong to this lineage (Benson et al., 2002) . These are enormous viruses that seem to achieve great size by using the same principle of flat plates forming icosahedral facets and special proteins at the fivefold apices. To produce these plates, protein subunits of similar size and shape to those of PRD1 are used but in far greater numbers (for instance, a single particle of PBCV-1 contains some 5040 coat protein subunits). The subunits form pseudo-hexagonal trimeric coat proteins containing a cavity, like those of adenovirus and PRD1. The protein's shape allows it to form facets of closely packed protein arrays of any size, while requiring it to find no more than five chemically related locations, so that very large virions can be assembled accurately (Burnett, 1985) . Not only are the shapes and domain arrangements of the major proteins similar in PRD1 and PBCV-1, but both have FIG. 3 . Do iridoviruses belong to the PRD1-adeno-lineage? The images on the left show a cross-section and surface rendering from the reconstruction of PBCV-1 (which resembles the irodoviruses) (Yan et al., 2000) . The image to the right shows a preliminary fit of the atomic structure of the PRD1 major coat protein, P3 (PDB IHX6, Benson et al., 1999) , into the PBCV-1 reconstruction. This fit was obtained by taking the arrangement of PRD1 trimers as fitted into the high-resolution cryo-EM reconstruction of PRD1 (San Mart! ı ın et al., 2001) and positioning it into the PBCV-1 reconstruction while maintaining the entire mosaic of molecules as a single rigid body. Clearly, there is a slight difference in scale, as the centre-to-centre distance between the trimers is not identical. The PBCV-1 coat protein trimer ð3 Â 54 kDa) seems more pseudo-hexagonal, like adenovirus hexon ð3 Â 109 kDa), than the indented and somewhat smaller PRD1-P3 ð3 Â 43 kDaÞ: Nevertheless, the fit of the individual protein domains to the reconstruction is convincing, and the reconstruction reproduces faithfully the general shape of the molecules and the orientation of the trimers in the surface lattice of the virion.
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similarly disposed internal lipid envelopes. We demonstrate these striking similarities, determined by using information from both crystallographic and EM analyses of PRD1 to map its coat onto the PBCV-1 virion from EM, in Fig. 3 . It will be intriguing to find out whether adeno-PRD1-type viruses will also be discovered in Archaeal hosts.
What properties in the PRD1-adeno lineage led to the strong conservation of ''self''? Both viruses are lytic and fairly autonomous, coding for their own DNA polymerase. Among bacteriophages, the PRD1 genome is set apart from the other known genomes by the relative abundance of particular di-, tri-and tetranucleotides within its sequence (Blaisdell et al., 1996) . The distinctive nature of PRD1, which indicates conservation and low mixing with other virus or host genes, has presumably made it possible to detect the structural and functional themes it shares with adenovirus. We will now try to extend this idea of lineages to other viruses.
The Case of double-Stranded RNA (dsRNA) Viruses
Cells do not replicate dsRNA genomes; thus all viruses with a dsRNA genome possess a virionassociated RNA-dependent RNA polymerase that is delivered to the host cell together with the genome. Furthermore, many cells can detect dsRNA and mount a defence, often through apoptosis of the infected cell. It is probably for this reason that dsRNA viruses maintain considerable structural integrity within the cell. The entering viral particle initiates transcription and extrudes plus-polarity transcripts that are translated into protein and also used as genomic precursors to be packaged and used as templates for minus-strand synthesis (replication). This lifestyle, quite distinct from that of the host, points to a strong ''self'' component in these viruses.
The structurally best-understood dsRNA viruses are bluetongue virus (BTV) (Grimes et al., 1998) and reovirus (Reinisch et al., 2000) , both of which infect animal hosts and belong to the family Reoviridae. Both virions possess functionally distinct layers, where the inner layer (or core) encapsidates the segmented genomes and is responsible for the polymerase activities. The inner skin of the core is made of 120 copies of a coat protein arranged in an unusual manner as 60 asymmetric dimers (this arrangement has been referred to as a T ¼ 2 structure). The folds of this protein in BTV and reovirus are also similar, but unlike any other protein structures yet observed (Fig. 4) . The middle protein shell of BTV is arranged as a T ¼ 13 lattice, and there is also a T ¼ 13 layer in reovirus. The outermost layer of these viruses is more variable, which can be ascribed to its role in host interactions. The various common features are characteristic of many members of the Reoviridae but have not been seen in non-dsRNA FIG. 4 . Similarities in the subcore of bluetongue virus (BTV) and orthoreovirus (Reo). The innermost layer of the capsid of the Reoviridae appears to be always composed of 120 copies of a rather large protein (upwards of 100; 000 kDa). The relationship between the two molecules in the icosahedral asymmetric unit is such that they form a pseudo-T ¼2 arrangement. The atomic structures of the two virion cores are known (Grimes et al., 1998; Reinisch et al., 2000) . When the reovirus atomic structure was reported, it was stated that there was a clear structural relationship between the molecules, although the authors were unable to superimpose any significant substructures of the two proteins. We have re-examined this using established techniques and find that we can superimpose 568 contiguous alpha carbons (62% of the total protein) between the two molecules with a root-mean-square (RMS) deviation of some 4 ( A A . The panels in the figure show the exquisitely similar disposition of the proteins within the viral capsid, and also the similarities and differences in the detailed folding pattern for these proteins. Note that it was not possible to find any sequence relationship between these two subunits. In fact, on the basis of the structural superimposition, only 8.6% of those residues which are classified as structurally equivalent are identical at the level of the amino acid sequence viruses. Members of the Reoviridae infect a wide spectrum of animal and plant hosts. Surprisingly, similar organizations and functions have also been discovered in a bacterial dsRNA virus, f6 (a Cystovirus), although the structural comparison here is only based on EM analysis (Butcher et al., 1997) as no highresolution X-ray structure of the inner core major coat protein is available. Taken together, these observations suggest strongly that dsRNA viruses might also form a distinct reo-f6 lineage and share an early common ancestor (see also below).
Two additional classes of dsRNA viruses have been described, which appear at first glance to be quite different. These are the intracellular single-shelled particles exemplified by the yeast L-A virus, a totivirus (Wickner, 1996) , and the birnaviruses (B .
o ottcher et al., 1997). Closer investigation reveals that these also have interesting parallels with the proposed reo-f6 lineage. The L-A virus particle is composed of 120 copies of the major coat protein, which could well be arranged in the same unusual manner as the inner core particle of the Reoviridae. The L-A virus also functions very much like the inner polymerase particles of Reoviridae and f6. L-A is an intracellular virus, and since it has no extracellular phase there is apparently no need for the outer structures that are predominantly involved in interactions with the host cell.
In contrast, the birnaviruses have a capsid arrangement ðT ¼ 13Þ similar to the middle protein layer of BTV, but lack the inner T ¼ 2 layer that is thought to organize the polymerase in the Reoviridae (Gouet et al., 1999) . This omission of the inner layer in the birnaviruses may result from the direct association of its polymerase with its dsRNA genomic segments, rather than its capsid, which ensures the obligatory presence of the polymerase in the mature particle. It is very tempting to also assign the L-A and birnaviruses to the reo-f6 lineage. The observed differences may be due to particular host environments requiring the presence of different parts, but not necessarily all, of the fundamental virion. Further detailed structural analysis is required to test this hypothesis.
Tailed dsDNA Bacteriophages
The vast majority of all the viruses in the biosphere belong to the familiar ''tailed bacteriophage'' category. Viruses with this distinctive morphology are also commonly found infecting Archaeal hosts. Although most of the detailed information available on these viruses comes from a limited sample of well-studied bacteriophage-host systems, it is obvious that their structural and assembly characteristics, as well as their genome organization, follow common principles. It also seems that these viruses may utilize a common global gene pool (Hendrix et al., 1999) . The only highresolution capsid structure yet available is that of the lambda-type bacteriophage HK97 (Wikoff et al., 2000) . The capsid protein fold is remarkable and clearly has considerable plasticity, fitting it for the acrobatics needed to allow the dramatic changes in structure seen during the maturation of the bacteriophage head. Is this structural motif shared with all the tailed dsDNA viruses of bacteria and Archaea, or will there be several categories of protein fold?
It would be appealing to group all the tailed dsDNA viruses into the same lineage, but obviously more structural information is needed. At present, the only other part of the viral machinery for which we have any comparative structural information is the portal, which forms part of the mechanism whereby the bacteriophage pumps its DNA genome into its head. The atomic structures of the portal from f29 (Simpson et al., 2000) and the equivalent structure from SPP1 (Dr Alfred Antson, pers. comm.) show again that vital pieces of viral machinery can be distinct from anything observed elsewhere in nature, and yet be astonishingly similar although they occur in differing virus families (the Podoviridae and Siphoviridae, respectively). We suggest that it is also likely that there is a common lineage encompassing many of these viruses. The question as to whether this lineage extends to eukaryotic viruses remains open, but we note that intriguing similarities in several aspects of the assembly and encapsidation process have been found recently between herpes viruses and the tailed bacteriophages (Newcomb et al., 2001) . This is a very active area of investigation.
The Ubiquitous Jellyroll
The first virus structures solved revealed a protein fold that had not, at that time, been observed in any cellular proteins, the so-called jellyroll. By now, perhaps 50 virus structures have been determined (for an encyclopaedic view, see Johnson and Speir, 1999) , along with many more cellular proteins, and the jellyroll fold is still found predominantly in viruses. The fold is seen in an enormously wide range of viruses, and indeed occurs in structural components of both the dsRNA and adeno-PRD1 lineages, as well as in small RNA plant and animal viruses, and some simple bacteriophages. The pervasiveness of this domain, therefore, largely precludes Viral Structure Evolution its use as a diagnostic for viral lineages. It is, in fact, difficult to distinguish between the possibilities that this protein fold arose independently in different viral lineages at an extremely early point, or that it represents a barely discernable vestige of an urvirus progenitor that links lineages. The only evidence that many of the viral jellyrolls are homologous is that they share certain features (topologically related elaborations of the basic structural scaffold) that do not appear in cellular jellyroll proteins such as the Tumor Necrosis Factor family. It is also noteworthy that there is a trend from in-plane jellyroll orientations in the simplest plant viruses to vertical multimers in the more complex viruses, such as adenovirus. It is possible that more sophisticated analytical tools will tease additional information from the wealth of jellyroll structures observed.
At present, the difficulty in analysing the ''jellyroll viruses'' is compounded by the fact that many of the smaller viruses possess a less well-defined ''self'', and have a single-stranded RNA genome that undergoes rapid change. Nevertheless, it was the strong conservation of jellyroll features that immediately revealed the surprisingly close evolutionary relationship between the animal picornoviruses (Hogle et al., 1985; Rossmann et al., 1985) and the simple RNA plant viruses (Harrison et al., 1978; Abad-Zapatero et al., 1980) . Some DNA viruses also possess a structurally central jellyroll, and these viruses include representatives infecting both eukaryotes (e.g., simian virus 40, Liddington et al., 1991) and prokaryotes (e.g., fX174; McKenna et al., 1992) . The relatively strong similarity in architecture between the major structural protein of polyoma viruses and the F capsid protein of bacteriophage fX174 (113 Ca's superposed with RMS deviation 2.9 ( A A), may conceivably hint that these viruses also have a common lineage.
Enveloped Viruses
Intact enveloped viruses have proven a frustrating target for crystallographic analysis. Nevertheless, a reasonably complete picture of some important viruses is being assembled by analysis of their component pieces by crystallography combined with lower-resolution studies of their virions by cryo-EM. For these viruses, a first question is what characteristic best defines ''self''? Since much of the structural machinery of the virion is directed at solving the generic problem of achieving its fusion with the cell membrane, it is possible that these proteins, despite their role in host interactions, may be good indicators of ''self''. It has recently been proposed that enveloped viruses may fall into two distinct lineages (Lescar et al., 2001) . The first of these includes the retroviruses and influenza virus, which use a characteristic helical coiled-coil structure as part of the machinery of membrane fusion. The second lineage, which now includes the flavi-and alphaviruses (Lescar et al., 2001) , uses conserved globular protein domains as the motors of fusion. It remains to be seen how far these two lineages can be extended as we are not aware of any current evidence beyond the eukaryotes.
Miscellaneous
We have focused on a small number of lineages, and yet most of the known structures fall either within one of these lineages or lie within the rather confused melting pot of jellyroll-built viruses. The first exception to be seen was the bacteriophage MS2 (Valeg( a ard et al., 1990 ). This has a protein coat assembled from subunits with a fold that has not been seen before or since. Nevertheless, it is intriguing that a plausible superimposition of the coat proteins of MS2 and HK97 can be made (Fig. 5) . Since the HK97 coat protein undergoes dramatic conformational changes during capsid maturation, it might sample conformations even more similar to that of MS2. Nevertheless, without corroborating evidence, it would be premature to take this as substantial evidence that these radically different bacteriophages share a common lineage. However, as structural analysis FIG. 5 . Structural similarity: the limits of significance. This figure shows the superimposition of two bacteriophages for which there is no known evolutionary relationship, and which differ radically in lifestyle and morphological characteristics. The two viruses HK97 (Wikoff et al., 2000) and MS2 (Valeg( a ard et al., 1990) both possess a major coat protein claimed to be structurally unique. Here, we show that some similarity in the fold between these two proteins does exist, although there are also radical differences. The level of similarity is quite modest, a little under 40% of the total residues in the cores of the two molecules can be superimposed, with 50 of the Ca atoms matching with an RMS deviation of 3 ( A A: In the absence of corroborating evidence from other viral characteristics, similarity at this level can equally well reflect divergence from a common ancestor or convergence towards a structure that is particularly efficacious for constructing a viral shell.
populates the sea of viruses shown in Fig. 1 with a greater number of representative structures, we would hope that missing links will emerge to clarify such tantalizing results.
CONCLUSIONS
Classification of cellular organisms has its roots in a Linnean morphology-based approach that has, in many respects, served the biology community well. The explosion of sequence information has redirected the focus to the biological source code as a fertile new ground for comparing and arranging genes and genomes. This has obvious implications for classifying and defining the phylogenetic relationships of organisms. We have compared the atomic details and the specific organizations of the structural (coat) components between a variety of virions. The problem of using three-dimensional structure to derive taxonomic and, perhaps, phylogenetic information is equivalent, on a nanometre scale, to the old problem of establishing homology on the basis of morphological characters. As Hennig (1966) stated some years ago, ''different characters that are to be regarded as transformations of the same original character are generally called homologous. Transformation naturally refers to real historical processes of evolution''. Due to the functional constraints on the protein structure, the transformations wrought by evolution are relatively slow and permit a rather clear and deep view into the history of viruses that extends beyond the information horizon of the genome sequence. The analytical tools for quantifying such structural similarity, which is often transparently clear to the eye, are still imperfect. For example, both sequence-and structure-based searches for homologues of the major coat proteins of adenovirus or PRD1 have proved to be extremely challenging (J.J. Rux and RMB, unpublished results). The variablelength loop domains that lie between the strands of the homologous viral jellyrolls often confound alignment algorithms, while deleting the loops also removes the barrel topology.
We believe that solving the difficult problem of quantifying structure-based comparisons would contribute enormously towards a more complete phylogeny of viruses. In addition, although current structural information is very fragmentary, within the last 2 years a number of structural genomics initiatives have been launched. One aim of such projects is to dramatically increase the throughput of structural analyses. Another aim is to achieve a complete picture of the universe of protein folds for a number of different genomes. Clearly, these projects could have a dramatic impact on the speed of accumulation of atomic structures for viral proteins. This paper attempts to give a flavour of the insights that we might expect to gain from such work, which will bring the objects upon which selection operates into the limelight. The sequence of the amino acid chain is, of course, directly linked to the primary nucleic acid sequence, so that for viruses the link between the selectable morphological unit and the genetic code is particularly direct and potentially intelligible. To make use of this information, we now need to hone the tools that will allow us to compare automatically, with reliable and robust statistics, the accumulating structures in the same way that we currently search sequence space. Together with a growing database of atomic structures of virus ''selves'', we can look forward to further lineages emerging.
